on behalf of the HELENA study group 18 BACKGROUND/OBJECTIVES: To assess dietary patterns (DPs) in European adolescents and to examine their relationship with several indicators of sedentary behaviour. SUBJECTS/METHODS: A multinational cross-sectional study was carried out in 2202 adolescents (45.4% boys) aged 12.5-17.5 years. A self-reported questionnaire with information on sedentary behaviours, separately for weekdays and weekend days, and two non-consecutive 24 h-recalls were used. Principal component analysis was used to obtain DPs, and linear regression examined the association between DPs scores and sedentary behaviour. RESULTS: Four DPs for boys ('plant based', 'snacking', 'breakfast' and 'health conscious') and five DPs for girls ('confectionary and snacking', 'plant based', 'breakfast', 'animal protein' and 'health conscious') were obtained. Boys who spent 44 h/day watching television (TV) had lower adherence to the 'plant based', 'breakfast' and 'health conscious' DPs, and higher adherence to the 'snacking' DP. Higher computer use and internet use for recreational reason were associated with higher adherence to the 'snacking' DP. In girls, TV viewing and using internet for recreational reasons for 44 h/day was associated with higher adherence to the 'confectionary and snacking' and lower adherence with 'health conscious' DP. Also, studying between 2 and 4 h during weekend days was associated with lower adherence to the 'snacking' and with higher adherence to the 'plant based' and 'breakfast' DPs. CONCLUSION: Adolescents' DPs are related with the time spent in several sedentary behaviours. Such findings may help to generate interventions focusing on decreasing unhealthy dietary habits and specific sedentary behaviours.
INTRODUCTION
Dietary pattern (DP) analysis has emerged as an alternative and complementary approach to addressing diet-diseases associations. 1 Traditional analysis in nutritional epidemiology typically reflects diet in relation to a single or a few nutrients or foods; however, analysis using DP offers a different view of possible associations as foods and nutrients are consumed in combination and not isolated. 1 Current findings in young-age population groups have indicated an inverse association between 'healthy' DPs and indicators of sedentary behaviour, and a positive association between 'snacking' patterns and sedentary behaviours. 2 A recent review has suggested that sedentary behaviours like television (TV) viewing or video games playing can independently and differentially influence food consumption. 3 Also screen-viewing behaviour has been associated with unhealthy food consumption, that is, savoury snacks. 4 At the opposite, other sedentary behaviours like studying have been associated positively with healthy food consumption (that is, vegetables). 5 Adolescence is an important transition period in which lifestyle habits are continued to be established following childhood. The stability of DPs has been observed to be small to moderate between middle childhood and early adolescence. 6 Targeted and effective public health interventions require multiple approaches as DPs, physical activity and also sedentary behaviours often 1 GENUD (Growth, Exercise, Nutrition and Development) Research Group, Faculty of Health Sciences, University of Zaragoza, Zaragoza, Spain; 2 coexist and interrelate making potential interactions as determinants of obesity. [7] [8] [9] [10] Principal component analysis (PCA), which groups together correlated variables, is a commonly used method for the identification of DPs. 11 To date, only few studies have examined adolescent's DPs using PCA; in addition, there is a lack of studies examining their relationship with several indicators of sedentary behaviour. The aims of the present study were (1) to identify DPs of European adolescents participating in the Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA)-Cross Sectional Study (CSS) using PCA and (2) to examine the association of obtained DPs with a comprehensive set of sedentary behaviours such as TV viewing, playing computer and video games, internet use for studying or recreational use and studying.
MATERIALS AND METHODS

Study design
HELENA is a multicentre study focusing on lifestyle and nutrition. The HELENA-CSS was performed in adolescents aged 12.5-17.5 years in 10 European cities (Athens, Heraklion, Dortmund, Ghent, Lille, Pecs, Rome, Stockholm, Vienna and Zaragoza) between 2006 October and 2007 December. Participants were recruited at schools. Schools were randomly selected after stratification on school zone or district to ensure heterogeneity of social background. Up to three classes from two grades were selected per school. All the adolescents within selected classrooms were invited to participate. A class was considered eligible if the participation rate was at least 70%. More details on operational and sampling procedures have been published elsewhere. 12, 13 In total, 3528 (46.9% boys) adolescents met the HELENA inclusion criteria: being within the age range of 12.5-17.5 years old, not participating simultaneously in a clinical trial and being free of any acute infection lasting less than 1 week before the inclusion.
14 Because of logistical reasons, data from Heraklion and Pecs were not included in the dietary intake analysis (7% of the total sample). Extra inclusion criteria for the purpose of the current analysis included: having 75% complete of the sedentary behaviour questionnaire (n ¼ 128 adolescents were excluded) and having provided two 24-h dietary recalls (24 H-DR). The study was approved by the Research Ethics Committees of each city involved. 15 Written informed consent was obtained from the adolescents' parents and the adolescents themselves.
Socioeconomic status
Demographic information including age and socioeconomic status (SES) was collected via a standardized self-reported questionnaire. A modified version of the Family Affluence Scale developed by Currie et al. 16 was used as a proxy of SES. For the purposes of the HELENA study, the Family Affluence Scale was slightly modified by replacing the item on frequency of family holidays by internet availability at home. Each adolescent completed a questionnaire asking about the number of cars and computers at home, internet availability at home and personal space at home. Family Affluence Scale indicates the SES of the adolescent on a scale from 0 (very low SES) to 8 (very high SES), thereafter categories were merged into three groups: 0-2 adding up to low SES; 3-5 adding up to medium SES; and 6-8 adding up to high SES.
Anthropometric measurements
Weight and height were measured by trained researchers according to a standardized protocol with participants barefoot and in underwear. 17 Body weight (kg) and height (cm) were measured with an electronic scale (Type SECA861, precision ¼ 100 g, range ¼ 0-150 kg) and a stadiometer (Type SECA 225, precision ¼ 0.1 cm, range ¼ 70-200 cm), respectively. Body mass index (BMI (kg/m 2 ) was calculated as the ratio of weight (kg) to squared metres (m 2 ). Age-and gender-specific BMI z-scores were calculated and BMI categories were estimated according to Cole et al. 18 A physical examination was performed by a physician classifying the adolescents in one of the five stages of pubertal maturity defined by Tanner and Whitehouse. 19 Dietary assessment tool (HELENA-DIAT) Dietary intakes were assessed using the self-administered, computerised 24 H-DR HELENA-DIAT based on the Young Adolescents' Nutrition Assessment software (YANA-C) and validated in European adolescents for all nutrients and energy intakes (r s ¼ 0.86-0.91) 20 The adolescents completed the 24 H-DR twice during school time and within a time-span of 2 weeks; both times, trained staff including a dietician were present. The HELENA-DIAT used special techniques to support and to enhance the respondent's memory, which allowed a more detailed description and quantification of the foods consumed. The Multiple Source Method 21 was used to calculate usual energy and nutrient intake removing the effect of day-to-day within-person variability and random error in the recalls.
The European Consumption Survey Method project (EFCOSUM) indicated the repeated 24 H-DR as the most suitable method to obtain population means and distributions. 22 The 43 food groups included in the HELENA-DIAT list were aggregated into 31 food groups according to their nutritional values, presented in Table 2 , and were thereafter included in subsequent analysis.
Sedentary behaviours
A standardized self-reported sedentary behaviour questionnaire was administered. 23 Adolescents reported the frequency of specified sedentary behaviours using predefined response categories separately for weekdays and weekends. Behaviours assessed included: TV viewing, playing computer and video games, internet use for studying or recreational use and studying. The predefined response categories were: (1) none, (2) less than ½ h, (3) between ½ and o1 h, (4) between 1 and o2 h, (5) between 2 and o3 h, (6) between 3 and o4 h, (7) more than 4 h. Participants were thereafter classified into three groups for each behaviour (o2 h/day; between 2 and 4 h/day; and 44 h/day). Grouping was based on the American Academy of Pediatrics' recommendations for media time. 24 The reliability (1-week test-retest) of the questionnaire was studied in 183 adolescents (79 boys, 104 girls; age range 12.5-17.5 years). For the majority of the variables, Cohen's kappa values using quadratic weights showed a good agreement (40.7). 25 
Statistical analysis
All analyses were gender-specific because of observed significant differences in both sedentary behaviours and food and beverage consumption patterns between boys and girls. According to the nature of the studied variables, analysis of variance was used to compare genderspecific sample characteristics and mean DPs scores.
PCA with varimax rotation was used to obtain DPs in our sample. It is a technique often used in data reduction to identify a small number of factors that explain most of the variance observed in a much larger number of variables by defining sets highly interrelated. Each obtained DP represents a linear combination of all food groups, which are weighted by their factor loading (those with an absolute value of 40.3 were considered important contributors to each DP). The following criteria were used when deciding the number of components to be retained: eigenvalue 41, the scree plot (a graphical presentation of eigenvalues) and the interpretability of each component. [26] [27] [28] The first pattern explains as much inter-individual variation of the food groups as possible, the next pattern explains as much of the remaining variation as possible and so on. Each subject receives a score for each DP, with a higher score indicating a higher adherence to the respective pattern. The factor scores for each adolescent were used in subsequent analyses.
Linear regression examined the association between DPs scores (dependent variable) and sedentary behaviour indicators (independent variable), adjusted by age, SES, centre, BMI and energy intake (kcal/day) and expressed as unstandardised regression b-coefficients (95% confidence interval, CI). The Predictive Analytics Software (PASW) version 18.0 (SPSS Inc., Chicago, IL, USA) was used to analyse the data. P-values p0.05 were considered to be statistically significant.
RESULTS
In total, 2202 adolescents (45% boys) were included in the analysis. Table 1 presents gender-specific socio-demographic characteristics on mean age, SES, pubertal stage, mean BMI, BMI categories based on z-scores according to cutoffs defined by Cole et al. 18 and the differences in time spent in each sedentary behaviour (min/day) among gender categories. Statistical significant differences in BMI, overweight/obese category (26 versus 21% (Po0.001)) and SES ((lowest and highest, 20% versus 9%, respectively (Po0.001)) were observed between included and excluded adolescents (data not shown). Gender differences were observed in SES and pubertal stage (Po0.05) and in the majority of the sedentary activities. A high proportion of boys and girls were categorised into the optimal weight status, 76% and 81%, respectively.
Four DPs in boys and five DPs in girls were derived from PCA accounting for 25% of the variance in food group intakes in boys and 28% in girls. The food group loadings for each component are presented in Table 2 . Individual components were labelled based on the retained individual foods with high loadings (40.30 and closer to 1). In boys, the first component was labelled as 'plant based' DP and was positively correlated with intakes of vegetable oil, vegetables, cheese, pasta, rice, pulses, cakes, pies and biscuits, bread and water. The second component was labelled 'snacking' DP and included items related to the intake of soft drinks, savoury snacks, chocolate, non-confectionary chocolate, sauces and bread and negatively with water. The third component was labelled 'breakfast' DP and was positively correlated with the intake of cheese, butter and animal fats, sugar, jam and syrup, margarine, bread and rolls. The fourth component was labelled 'health conscious' DP and was positively correlated with the intake of cheese, white milk, cereals, fruit and starch roots, and negatively with fruit and vegetable juices.
In girls, the first component was labelled 'confectionary and snacking' DP and was positively correlated with the intakes of sweetened beverages, savoury snacks, chocolate, confectionary non chocolate, cakes, pies and biscuits and meat. The second component was labelled 'plant based' DP and was positively correlated with the intake of vegetables, vegetable oils, eggs, water and pulses. The third component was labelled 'breakfast' DP and was positively correlated with the intake of butter and animal fats, sugar, honey, jam and syrup, margarine and lipids of mixing 18 origins, bread and rolls, coffee and tea, and negatively with animal protein. The fourth component was labelled 'Plant based' DP and was correlated with vegetable oils, cheese, pasta, rice and other cereals, meat and bread and rolls. The last component was labelled 'health conscious' DP and was positively correlated with the intake of white milk, breakfast cereals, fruit, starch roots, potatoes and milk products, and negatively with beer, wine and other alcoholic beverages. Tables 3 and 4 show the relationship between the sedentary behaviour indicators and DPs stratified by gender. Figure 1 presents graphically the relationship (standardized regression b-coefficients and 95% CI) between each of the categories denoting higher time spent in sedentary behaviours (44 h/day) and DPs, separately for weekdays and weekend days. Each sedentary behaviour is presented individually (TV, computer, video games, internet for recreational reason, internet for study and study) for each DP and separately for boys and girls. In boys, higher TV viewing, computer, video games and internet use for recreational reasons, both during weekdays and weekend days, were associated with lower adherence to the 'plant based', 'breakfast' and 'health conscious' DPs ( Figure 1 (Table 3) .
Association between sedentary behaviours and DPs
In girls, TV viewing 44 h/day were associated with higher adherence to the 'confectionary and snacking' DP (b ¼ 0.13, CI: 0.06, 0.19; b ¼ 0.09, CI: 0.05, 0.14, during weekdays and weekend days, respectively) and less to the 'health conscious' DP (b ¼ À 0.15, CI: À 0.23, À 0.08; b ¼ À 0.08, CI: À 0.13, À 0.03, during weekdays and weekend days, respectively) ( Table 4) . Also, girls who spend 44 h/day using internet for recreational reasons had higher adherence to the 'confectionary and snacking' DP (b ¼ 0.08, CI: 0.00, 0.13; b ¼ 0.09, CI: 0.05, 0.14, during weekdays and weekend days, respectively) and lower to the 'health conscious' DP (b ¼ À 0.14, CI: À 0.22, À 0.06; b ¼ À 0.14, CI: À 0.19, À 0.09, during weekdays and weekend days, respectively) (Table 4) . Those girls who studied between 2 and 4 h during weekend days were associated with lower adherence to the 'snacking' DP (b ¼ 0.06, CI: 0.01, 0.12) and with higher adherence to the 'plant based' (b ¼ À 0.06, CI: À 0.11, À 0.01) and 'breakfast' DPs (b ¼ 0.07, CI: 0.01, 0.13) ( Table 4) . 
Sedentary behaviours and dietary patterns AM Santaliestra-Pasías et al
DISCUSSION
The identification of DPs in a European sample and their relation to several indicators of sedentary behaviour has rarely been examined. The present population-based study identified the association between several sedentary behaviours and DPs. In boys, the time spent watching TV, playing computer or video games and using internet due to recreational reasons were positively associated with the 'snacking' pattern, and negatively with the 'plant based', 'breakfast' and 'health conscious' patterns. In girls, watching TV and using internet for recreational reasons were positively associated with the 'confectionary and snacking' patterns, and negatively with the 'health conscious' pattern. In the HELENA study, several screen-based behaviours have been positively associated with unhealthy DP and negatively with healthy DP; the size of the relations was higher for playing video games, internet for study and study during weekdays and the 'plant based' and 'breakfast' DPs in boys, and TV viewing, computer playing and internet for recreational reasons during weekdays and the 'health conscious' DP in girls (based on b-coefficients X0.14). A recent study carried out in German adolescents with the same age-group, showed that among girls, a high adherence to the 'traditional' and 'western dietary' patterns was associated with more hours of TV watching per day. 27 Another study of Dutch adolescents aged 12-16 years suggested that sedentary behaviours (TV watching and PC use) were associated with high consumption of soft drinks. 29 Among Spanish adolescents aged 14-24 years, a 'snacky' DP was positively associated with time spent watching TV 30 and in another participants spending more than 4 h/day on media screen was related to adherence to a 'western' DP characterised by milk products, meat, cereals, pasta, soft drinks, high-fat foods, sweets and chocolates. 31 Also, an association between TV watching 42 h/day and higher consumption of high-fat snacks and high-sugar drinks has been demonstrated in European adolescents from the HELENA study. 5, 32 In addition, the consumption of energy-dense foods during TV viewing was analysed in the HELENA sample and findings showed that adolescents who watched TV for 42 h/day were more likely to eat pastry, savoury snacks or sweets.
32
A recent study in Scottish young population aged 5-17 years showed that 'healthier' DP was consistently associated with less time spent in front of a screen for all age and both boys and girls, whereas an 'unhealthy' DP was associated with more time spent in front of a screen in girls aged 5-11 years. 2 In children, TV viewing has been found to be associated with less healthy dietary habits from early age. For instance, a Dutch study of toddlers aged 14 months showed that TV viewing was an important predictor of adherence to a 'western-like' DP. 33 A Portuguese study in children aged 5-10 years observed that those who watched TV more than 2 h/day were positively associated with a DP that included food rich in fat and added sugar, which was a predictor of fast-foods, sugar-sweetened beverages and pastry consumption. 34 Our study provides a novel finding regarding the relation between DP and time spent for school studying reasons. A positive association has been observed in both genders between those who studied 42 h per day and the 'breakfast' DP, and also in girls with the 'plant based' DP. In addition, a negative association has been observed in girls who study between 2 and 4 h during weekdays and the 'confectionary and snacking' DP. No comparable information has been observed in other population groups, which hamper further comparisons.
Recent findings suggest increased risk of overweight for children with high scores of eating patterns characterised by the frequent intake of unhealthy food items. For instance, the DONALD study 35 indicated a small but positive association between consumption of high-energy foods and body weight among boys (b ¼ 0.104, P ¼ 0.0098). Another Japanese study 36 observed a lower BMI among those adolescents with a 'healthier' DP and a higher BMI among those with 'western' DP. However, no association between DPs scores and overweight has been found in other studies.
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Figure 1. Standardized regression b-coefficients between individual sedentary behaviours during weekdays and weekend days, and mean scores of DPs in boys and girls. *Significant differences were found between each category (44 h/day) compared with the reference category (o2 h/day) (Po0.05). 'TV, computer, video games, internet, internet for study and Study, respectively, during weekdays (44 h/day). &TV, computer, video games, internet, internet for study and study, respectively, during weekend days (44 h/day).
Our study has limitations. Factor analysis, as a statistical technique, requires some arbitrary decisions on the extraction and interpretation of factors. In addition, food consumption and sedentary behaviours data are based on self-reported questionnaires where errors in reporting are possible; nevertheless, questionnaire use is the most common method due to low-cost and ease of administration in a large European sample, and both questionnaires have been tested and validated indicating acceptable accuracy. 20, 25 In addition, food accessibility at home setting is not been addressed in the HELENA study.
Strengths of the study include a large and culturally diverse sample of European adolescents. The highly standardized procedures used within the HELENA study are also an important strength, 12, 13 and the large pool of sedentary indicators that has been measured in this population group. In addition, the use of multiple 24 H-DR interviews in estimating dietary behaviours combined with sedentary behaviours is a relatively new approach.
Using PCA to generate DPs shows which foods tend to be consumed together, and relating these patterns to other factors such as demographics, lifestyle and health helps to tailor and set priorities for health promotion and also to better understand the role of diet in relation to disease risk. In addition, the use of DPs takes into account interactions across the food matrix which is not possible using the single nutrient approach.
The present study found significant linear relationships between DPs and sedentary behaviours. Our study suggests that Internet use for recreational reasons. Differences marked in bold are statistically significant at the 95% confidence level.
Sedentary behaviours and dietary patterns AM Santaliestra-Pasías et al adolescents' dietary intake is related to the time spent in several sedentary behaviours. In the same line, the results of a recent meta-analysis indicated that sedentary behaviours (TV watching) contribute to obesity by encouraging excessive eating. 37 Overall, DPs are important in identifying relationships with several sedentary behaviours. These findings may also help to generate new hypotheses for future research and interventions in adolescent populations, focusing on decreasing unhealthy DPs and sedentary behaviours. This may have important implications for targeting health promotion messages, highlighting the importance of being physically active and decreasing sedentary behaviours. Further longitudinal studies are needed to confirm our findings. Internet use for recreational reasons. Differences marked in bold are statistically significant at the 95% confidence level.
